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ABSTRACT 


A  stress  analysis,  based  on  the  test  loads  imparted  to  the  XM  475  and 
XM  476  containers  in  the  CONUS  railway  impact  tests,  is  presented  in  order 
to  compare  the  structural  adequacy  of  the  two  different  types  of  restrain¬ 
ing  arrangements  evaluated  in  the  tests. 

Results  of  the  stress  analysis,  which  confirmed  the  test  results,  demon¬ 
strate  that  the  restraining  arrangement  used  on  the  XM  475  container  is 
structurally  adequate  and  meets  the  requirements  of  TB  55-100;  whereas, 
the  arrangement  used  on  the  1CM  476  container  is  not  structurally  ade¬ 
quate  and  does  not  meet  the  requirements. 

Mathematical  energy  relationships  were  computed  and  used  as  a  basis  for 
comparing  impact  loads  to  the  cargo  in  the  CONUS  and  foreign  railway 
tests . 

The  impact  calculations  verify  the  test  results  which  show  that  railcar 
impact  loads  to  the  cargo  are  more  severe  for  foreign  railcars  than  for 
CONUS  railcars  at  similar  impact  velocities. 


I.  INTRODUCTION 


A  need  for  improved  restraining  systems  for  Pershing  missile  containers  in 
rail  transit  arose  shortly  after  initial  shipments;  therefore,  studies, 
trials,  and  improvisions  involving  rail  impact  tests  were  immediately  im- 
pl  emented . 

CONUS  railcar  impact  tests  disclosed  many  previously  undetected  factors. 
Metal  straps  and  cables  for  vertical  restraint  were  found  to  be  substan¬ 
tially  the  same  if  properly  designed.  Forklift  pocket  dimensions  proved 
extremely  critical  when  used  in  conjunction  with  the  standard  tiedown 
arrangements.  Other  construction  factors  and  shock  and  vibration  charac¬ 
teristics  both  detrimental  and  practical  were  disclosed  by  the  tests. 

Tests  on  foreign  railcara  were  conducted  because  of  the  numerous  mechani¬ 
cal  differences  (coupling  arrangements,  car  weights)  between  foreign-  and 
U.S. -manufactured  cars.  These  tests  produced  quantitative  measurements 
for  assessing  the  difference  in  their  shock  and  vibration.  New  restrain¬ 
ing  systems  developed  for  CONUS  railcars  were  found  to  be  equally  as  sound 
and  advantageous  for  foreign  railcars. 

To  obtain  the  maximum  gain  from  the  two  sets  of  test  data,  a  depth  analy¬ 
sis  for  comparison  and  study  of  both  systems  was  initiated.  Results  of 
the  impact  tests  are  contained  in  the  PERSHING  TRANSPORTABILITY  STUDY, 
CONUS  Railways,  Volume  II,  and  Foreign  Railways,  Volume  III.  The  studies 
reported  herein  surpass  test  considerations  and  group  both  tests  for  bet¬ 
ter  calculation  and  analytical  comparison. 


II.  OBJECTIVES 


1.  To  analyze  stresses  based  on  test  loads  and  to  calculate  margins  of 
safety  for  the  restraining  arrangements  tested. 

2.  To  calculate  and  evaluate  mathematical  energy  relationships  for  the 
items  subjected  to  elastic  impact  to  yield  practical  criteria  factors. 

III.  CONCLUSIONS 

1.  The  restraining  arrangement  shown  in  Figure  1  does  not  exceed  the 
yield  strength  of  the  material  during  a  10-mile-per-hour  impact 
(hence  complying  with  TB  55-100),  whereas  the  system  shown  in  Figure  2 
does  exceed  the  yield  strength,  as  substantiated  by  both  calculations 
and  tests.  Foreign  rail  calculates  to  satisfy  the  yield  requirement. 

2.  The  elastic  impact  calculations  verify  the  test  results  which  show 
that  railcar  impact  loads  to  the  cargo  are  more  severe  for  foreign 
railcars  than  for  CONUS  railcars  at  similar  Impact  velocities. 

IV.  RECOMMENDATIONS 

1.  That  the  Figure  1  restraining  arrangement  be  used  on  the  XM  47*-',  XM  475, 
andXM  475  Pershing  missile  containers  both  for  CONUS  and  foreign  rail 
shipments . 

2.  That  calculations,  analyses,  and  tests  of  restraining  systems  for 
foreign  railcars  be  as  thorough  as  for  CONUS  railcars  since  high  dy¬ 
namic  cargo  loadings  are  experienced  in  both  shipments. 


V.  GENERAL 

ANALYSTS  OF  hES TRAINING  ARRANGEMENTS,  CONUS  STUDY 

The  major  input  force  which  would  knock  the  railcar  from  under  the  con¬ 
tainer  is  the  longitudinal  component  of  the  impact  force.  The  transverse 
and  vertical  components  are  relatively  minor;  therefore,  if  the  restrain¬ 
ing  arrangement  can  adequately  resist  the  longitudinal  component,  i_ 
should  be  satisfactory. 


Restraining  Arrangement  for  XM  476  Container 

The  input  force  to  the  railcar  was  determined  by  a  dynamometer  coupler, 
and  the  container  response  was  measured  by  a  strain  gage  accelerometer 
oriented  to  the  longitudinal  plane.  Since  the  end  blocking,  Item  A  in 
the  next  figure,  was  crushed  at  an  impact  velocity  of  8.9  miles  per  hour, 
the  input  force  to  the  container  was,  in  effect,  attenuated,  causing  the 
accelerometer  to  indicate  a  lower  acceleration  than  would  have  occurred 
had  the  blocking  not  failed.  In  view  of  this,  the  coupler  force  is  used 
to  analyze  the  forces  acting  on  the  container  and  unit  stress  on  the 
blocking. 

Coupler  force  at  8.9  miles  per  hour  was  835,000  pounds. 


Pounds 

Railcar  weight  68,090 
XM  475  container  9,110 
XM  476  container  7,322 
XM  474  container  2,511 


Gross  weight,  loaded 

car  87,033 


Impact  Force  Distribution  (Assumed  Proportional  to  Masses) : 
Car  f  XM  475  +  XM  474 

Z±iZLL-Ik  X  835,000  lb  =  765,000  lb 
87,033  lb  ’ 


XM  476 


7,322  lb 
87,033  lb 


X  835,000  lb  =  70,000  lb 
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F^,  ^2*  ^3  "  ^restress  on  stee^  straps  (both  sides  of  container).  The  exact 
prestress  is  not  known.  Prestress  will  be  relieved  as  car  is 
subjected  to  impacts.  Prestress  is  assumed  to  be  not  less  than 
500  pounds  per  end  of  each  strap:  total  force  contributing  to 
friction  resistance  between  bottom  of  skids  and  car  floor  z 
3,000  pounds. 

F.  -  Floor  reaction. 

U  ~ 

F^  c  Force  of  friction  between  container  skids  and  car  floor. 

(f,  oak  on  oak,  in  motion  z  0.48). 

F^  =  Blocking  force, 

F^  z  Longitudinal  forces. 
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F4  :  (7,322  lb  f  3,000  lb)  :  10,322  lb 

?5  :  0.48(10,322  lb)  r  4,950  lb 

t  Fl  ;  70,000  lb  -  F5  -  F6  r  0 

F6  :  70,000  lb  -  4,950  lb  -  65,050  lb 

Unit  Stress  (Perpendicular  to  Grairfr  on  Blocking: 

Area  of  end  of  skid  r  12.2  sq  in. 


,  66,050  lb 

*  2(12.2)  sq  in. 


2,665  lb/ sq  in. 


Restraining  Arrangement  for  XM  475  Container: 

The  basic  difference  betveen  the  arrangement  used  on  the  XM  476  container  and 
the  one  used  on  the  XM  475  is  that  a  much  larger  bearing  area  (which  distributes 
the  longitudinal  force  over  a  larger  area  of  blocking)  is  provided  on  the  XM  475. 
The  following  figures  show  the  relative  areas  provided  by  the  two  arrangements. 


*  * 


DIRECTION  OF 


FORCE  ON 
CONTAINER 


BEARING  AREA  PROVIDED  BY  THE 
FIGURE2  RESTRAINING  ARRANGEMENT 
(USED  ON  XM476  CONTAINER) 

TOTAL  AREA  =  2  (3.75,,X3.25M)  =  24.4  SQ  IN 


SECTION  PROPERTIES,  XM  476  ARRANGEMENT 
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SECTION  PROPERTIES,  XM  475  ARRANGEMENT 


DIRECTION  OF 


FORCE  ON 
CONTAINER 


BEARING  AREA  PROVIDED  BY  THE 
FIGURE  1  RESTRAINING  ARRANGEMENT 
(USED  ON  THE  XM475  CONTAINER) 
TOTAL  AREA  =  2.5”X43.5”  =  108.75  SQ  IN 
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The  same  procedure  used  to  determine  the  unit  stress  on  the  blocking  in  the 
XM476  arrangement  was  used  to  determine  the  unit  stress  on  the  blocking  in 
the  XM  475  arrangement. 

Portion  of  Impact  Force  Imparted  to  XM  475: 

9.110  lb 
87,033  lb 


X  835,000  lb  =  87,500  lb 


External  Forces  at  Impact  on  KM  475  Container: 


F4  :  9,110  lb  i  3,000  lb  =  12,110  lb 
F5  =  0.48(12,110  lb)  =  5,820  lb 
l  Fl  =  87,500  lb  -  F5  -  F6  i  0 

F6  =  87,500  lb  -  5,820  lb  =  81,680  lb 

Unit  Stress  (Perpendicular  to  Grain)  on  Blockin 

Area  across  forklift  receptacle  =  108.75  sq  in. 


f 


81,680  lb 
108.75  sq  in. 


=  750  lb/sq  in. 


Strength  Characteristics 


The  strength  in  compression  perpendicular  to  the  grain,  fiber  stress  at 
the  proportional  limit  for  short-time  loading  (a  few  minutes)  for  southern 
yellow  pine,  varies  from  440  to  1,390  pounds  per  square  inch,  depending  on 
the  species  and  its  moisture  content.  (Since  load  duration  was  less  than 
1  second,  the  ultimate  strength  would  be  greater;  however,  information  is 
not  readily  available  on  extremely  short  load  durations  applied  perpendicu¬ 
larly  to  the  grain.) 

The  timber  used  for  blocking  was  No.  2  grade  southern  yellow  pine.  Since 
it  was  relatively  dry,  its  ultimate  compressive  strength,  perpendicular 
to  the  grain,  was  approximately  1,400  pounds  per  square  inch. 

The  stress  that  causec  failure  of  the  blocking  in  the  XM  476  arrangement 
(2,665  pounds  per  square  inch)  was  some  two  times  as  great  as  the  strength 
of  the  timber. 

The  blocking  arrangement  used  on  the  XM  475  sustained  the  applied  load 
since  the  unit  stress  on  the  timber  amounted  to  only  54  percent  of  its 
expected  strength  in  compression  perpendicular  to  the  grain. 

The  blocking  arrangement  used  on  the  XM  476  container  sustained  impacts  of 
up  to  8  miles  per  hour  without  significant  damage,  but  failed  under  a  9- 
rnile-per-hour  impact.  Thus,  at  impact  velocities  of  8  miles  per  hour, 
the  blocking  arrangement  is  apparently  marginal. 

AL  an  impact  velocity  of  10  miles  per  hour,  the  blocking  used  on  the 
XM  475  container  is  subjected  to  61  percent  of  its  expected  strength  in 
compression  perpendicular  to  the  grain;  consequently,  the  arrangement  is 
not  overdesigned  based  cn  the  theoretical  analysis. 


Test  Results 


The  restraining  arrangement  used  on  the  XM  476  containers  (Figure  2)  did  not 
sustain  the  applied  dynamic  loadings.  At  an  impact  velocity  of  8.9  miles 
per  hour,  the  transverse  blocking  member  was  severely  crushed  by  the  ends 
of  the  container  skids.  During  the  following  impact,  at  10.4  miles  per 
hour,  the  member  failed  completely.  There  was  no  apparent  damage  to  the 
container  skids.  Prior  to  the  failure,  the  restraining  arrangement  used 
on  the  XM  476  container  sustained  eight  impacts  varying  in  impact  velocity 
from  3.5  to  8  miles  per  hour. 

The  restraining  arrangement  used  on  the  XM  474  and  XM  475  containers  (il¬ 
lustrated  in  Figure  1)  sustained  the  applied  dynamic  loadings. 

The  XM476  container  is  similar  in  geometry  and  construction  to  the  XM  475 
container;  consequently,  the  restraining  arrangement  used  on  the  XM  475 
(Figure  1)  is  applicable  to  the  XM  476  container. 
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Advantages  of  the  Figure  1  Arrangemett  Over  the  Figure  2  and  Ot-her  Arrange¬ 
ments  Currently  Being  Used 


The  restraining  arrangement  shown  in  Figure  1  is  applicable  to  all  three 
containers.  Because  of  its  simplicity,  the  entire  restraining  arrangement 
(with  details)  can  be  clearly  illustrated  on  one  8-inch  by  10^-inch  sheet 
of  paper.  Other  significant  advantages  are  as  follows: 

1.  Prepositioning  of  the  transverse  blocking  is  not  required,  since 
no  nails  are  required  under  the  container. 

2.  Less  longitudinal  space  on  the  car  is  required. 

3.  The  longitudinal  blocking  members  also  provide  transverse  re¬ 
straint,  which  simplifies  the  arrangement. 


ANALYSIS  OF  TRANSPORT  SYSTEMS,  FOREIGN  RAILCAR  VS  CONUS  RAILCAR 


Theoretical  Considerations 


A  comparison,  as  illustrated  in  Table  1,  of  the  kinetic  energy  of  the 
hammer  cars  in  the  two  cests  at  an  impact  velocity  of  8  miles  per  hour 
shows  that  the  ratio  of  the  input  kinetic  energy  per  kip  of  test  car 
weight  was  17.5  percent  greater  in  the  foreign  railcar  test. 


TABLE  I 

KINETIC  ENERGY  INPUT 
AT  IMPACT  VELOCITY  OF  8  MILES  PER  HOUR 


Foreign  Railcar 

CONUS  Railcar 

Weight  of  Hammer  Car 

108,000  lb 

169,000  lb 

Weight  of  Test  Car  . 

47,400  lb 

87,033  lb 

i  ( wv2  | 

Kinetic  Energy  -  fl  ”  1 

231,500  ft -lb 

362,000  ft-lb 

Input  Energy  per  Pound  of 

Test  Car  Weight 

4.89  ft-lb 

4.16  ft-lb 

The  following  calculations  demonstrate  the  high  energy-absorbing  capability 
of  the  relatively  heavy  CONUS  railcars.  The  energy  loss  during  the  com¬ 
pression  phase  of  the  impact  was  70,200  foot-pounds  in  the  foreign  railcar 
test;  whereas,  in  the  CONUS  test  it  was  122,000  foot-pounds. 


^  =  8  mph 


¥  v2 


oo  oo 

KE  Before  Impact 


*2 

po  oo 

V, 


Mlvl  =  <M1  4  m2>v2 

V2  *  M1  4  ^ 


2 

KE  After  Compression  (M^  +  M2)V2 
Phase  of  Impact  =  2 


KE  Loss  During  Compression 
Phase  of  Impact 


M1V12  <M1  4  M2>v22 

=  ~T~  "  - 2 - 


(2) 


(3) 


Substitute  Eq.  (2) 


KE  Loss  During  Compression 
Phase  of  Impact 


Foreign  Test 


108.000 

32.2 


108.000 
32.2 


108.000  . 
32.2 


47.400 

32.2 


(11.7)2 

2 


70,200  ft-lb 


II 


CONUS  Test 


169.000 

32.2 


169.000  .  87.033 

32.2  32.2 


m.7)2 

2 


122,000  ft-lb 


The  effect  of  the  greater  energy  input  per  pound  of  test  car  weight  in 
the  foreign  rail  test  and  the  higher  energy-absorbing  capability  of  the 
CONUS  railcars  resulted  in  higher  accelerations  on  the  railcar  in  the 
foreign  rail  test.  The  theoretical  acceleration  (Table  II)  of  the  entire 
mass  is  12. Ag  for  the  foreign  service  test  car  and  8.5g  for  the  CONUS 
test  car. 


TABLE  II 

FORCE  -  INERTIA  RELATIONS 
AT  IMPACT  VELOCITY  OF  8  MILES  PER  HOUR 


Foreign  Railcar 

CONUS  Railcar 

Coupler  Force 

588,000  lb 

739,000  lb 

Weight  of  Test  Car 

47,400  lb 

87,033  lb 

Acceleration  = 

W 

12. 4g 

8.5g 

From  the  above  analysis,  it  is  apparent  that  Army  materiel  may  be  sub¬ 
jected  to  a  more  severe  shock  and  vibration  environment  on  foreign  rail- 
cars.  Whether  the  environment  will  be  more  severe  depends  on  the  rela¬ 
tive  weights  of  the  cars  involved  and  mechanical  differences  in  car  con¬ 
figuration. 


Test  Results 


The  theoretical  analysis  verifies  the  test  results  as  evidenced  by  the 
test  data  in  Table  III. 
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TABLE  III 

LONGITUDINAL  ACCELERATION 


Speed 

CONUS 

Railcar 

Foreign 

Railcar 

Location 

(mph) 

Ampl . 

Dura. 

Ampli . 

Dura . 

Car  Floor 

8 

21. 7g 

20-70  ms 

49. 8g 

8-25  ms 

Exterior  Con¬ 
tainer  XM  475 

8 

16. 3g 

25-65  ms 

19. 5g 

18-45  ms 

Interior  Car¬ 
riage  XM  475 

8 

15. 3g 

24-170  ms 

16. 8g 

20-60  ms 

Coupler  Impact 
Force 

8 

739  kips 

116  ms 

588  kips 

8-40  ms 

Figure  3  is  a  comparison  of  the  input  forces  (coupler  force  in  the  CONUS 
railcar  test  versus  buffer  forces  in  the  foreign  railcar  test). 

A  comparison  of  the  longitudinal  peak  accelerations  on  the  car  floor  and 
on  the  exterior  and  interior  of  the  containers  (CONUS  test  versus  foreign 
test)  (Figures  4  through  6)  shows  that  accelerations  were  greater  on  the 
foreign  railcar.  The  car  floor  accelerations  were  more  than  twice  as 
great.  The  accelerations  on  the  exterior  and  interior  of  the  XM  475  con¬ 
tainer  were  significantly  higher.  The  higher  accelerations  on  the  foreign 
railcar  are  due  to  its  relatively  light  weight.  (There  is  not  as  much 
mass  to  absorb  the  energy  developed  at  impact.)  A  comparison  of  the 
vertical  and  transverse  accelerations  revealed  similar  results. 


u 

r 


VELOCITY  (M’H) 


Figure  3.  Coupler  Force  Versus  Buffer  Force  on  CONUS 
and  Foreign  Service  Railcars, 


miCITY  (MM) 


4.  Longitudinal  Accelerations  on  Car  Floor: 
CONUS  Versus  Foreign  Service  Railcars. 


ACCELERATION  (f) 


Figure  5.  Longitudinal  Accelerations  on  Exterior 

of  XM  475:  CONUS  Versus  Foreign  Service 
Railcars . 
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Figure  6.  Longitudina 

of  XM  475: 


VI.  FIELD  EVALUATION 


GENERAL 


Loading  and  restraining  arrangements  developed  for  the  shipment  of  Persh¬ 
ing  missile  system  containers  XM  474,  XM  475,  and  XM  476  on  CONUS  railcars 
are  incorporated  in  a  series  of  Savanna  Army  Depot  drawings.  Two  of  the 
arrangements  for  restraining  the  containers  were  evaluated  in  the  foreign 
railway  study. 

The  report  concluded  that  one  of  the  tiedown  arrangements,  combined  with 
container  construction  differences,  resulted  in  overloading  the  skid  bolts 
(when  the  skid  was  not  abutted  against  the  forklift  receptacles),  with 
consequent  failure  during  railcar  impacts  of  6-  to  7-mile-per-hour  ve¬ 
locities.  To  correct  this  deficiency,  a  modified  restraining  arrangement 
was  developed  during  the  study.  The  report  recommended  that  the  modified 
arrangement,  referred  to  as  the  "Distributed  Uniform  Loading  Arrangement" 
and  illustrated  in  Figure  1,  be  adopted  for  foreign  railway  movement,  and 
that  the  arrangement  be  further  evaluated  for  CONUS  railway  movement. 

Also,  the  study  would  evaluate  the  possibility  of  establishing  a  common 
restraint  arrangement  for  CONUS  and  foreign  rail  movement. 


DESCRIPTION  OF  EQUIPMENT 

Three  Research  and  Development  containers,  XM  474,  XM  475,  and  XM  476  were 
used  in  the  study.  Figure  7  shows  the  containers  loaded  on  one  of  the 
test  cars.  Other  Pershing  missile  containers  have  a  similar  geometry  and 
construction;  therefore,  the  results  of  the  study  are  equally  applicable 
to  them,  except  for  correlating  the  spring  constants  between  the  Research 
and  Development  container  and  the  production  model. 


INSTRUMENTATION 


The  electronic  instrumentation  for  the  containers  and  railcars  v?as  identi¬ 
cal  in  both  the  foreign  and  CONUS  railway  studies,  except  that  due  to  car 
configuration,  where  two  load  cells  were  required  to  measure  the  input 
force  to  the  foreign  service  car,  only  the  coupler  had  to  be  instrumented 
on  the  CONUS  railcars. 


RAIL  IMPACT  PROCEDURES 


The  relative  positioning  of  the  test  equipment  (hammer  car,  test  car,  and 
backup  cars)  for  the  railcar  impacts  was  identical  in  the  foreign  and 
CONUS  railway  studies.  In  performing  all  impacts,  the  test  car  was  sta¬ 
tionary  and  free  to  roll.  The  hammer  car  was  accelerated  and  impacted 
into  the  test  car. 
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Prior  to  the  CONUS  study,  the  containers  were  examined  to  determine  the  ex¬ 
tent  of  damage  to  forklift  receptacles,  skids,  and  skid  boles. 

Damage  to  the  forklift  receptacles  that  occurred  on  the  XM  /i76  container 
during  the  vessel  stowage  static  study  was  repaired,  damaged  skid  bolts 
were  replaced,  and  all  skids  were  abutted  against  the  forklift  receptacles. 

The  XM  474  and  XM  475  containers  were  restrained  as  shown  in  Figure  1.  In 
some  tests,  the  XM  474  and  XM  476  containers  were  restrained  as  indicated 
in  Figure  2. 
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Figure  7.  Loaded  Test  Car 
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